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X-ray pr^ection alitor capable of avoiding the 
decline in xesolving poorer in operation without 
declining the throughput at all- 
SOIjUTTON- This X-ray projaction aligner id 
provided with an iUuxoination optical system 
irradiating X-ray& eznitted from an X-ray souroe 
on a mask 1 aa well as a projected image 
I j l_^/L_JI a fenning optical system 2 image forming the 

^ _ i patteroa formed on tho mask 1 recaiving the 

~ ji i n ■ , - ^V. ^'^^y ^™ *^ ^afc 1. This device is 
f furthermorts provided with an optical path 

changing mechanism 4 changing the optical 
path of another X-ray 9b to the wafer 3 from the 
image forming optical system 2 if neceesary, an aberration meaaurnig mechamsm 5 
saeaeuring the aberration of the X-ray gC by receiving the X-ray changed in the optical 
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CLAIMS 



[Claitn(0)l 

[Claim H The intunixiation-light study system which irradiates at loast the X'x^y 
generated &om X lino source ajod this X line soitrce on a mask, And it sets to the X-tay 
projection aligner equipped with th© pTojection image ibrmatioii optical system which 
carriea out projectioii image formation of the pattern formed on tbia mask in raaponse to 
the X*xay £rom this mask on a wafer. The optical-path modification dovico in which the 
optical path of the X*ray which faces to said wafer ia changed i£ needed from aaid 
projection image formation optical syatom. The X-ray projection aligner characterized 
by establishing the aberration measitrement device wMch raeasures the aberration of 
this X-ray in response to the X-ray through which the optiutil path was changed 
according to this optical-path modification device, and th© aberration amendment 
device ^hich amende this aberration. 

[Claim 2] Said optical-paQi modification device is an X-ray projection alig:ner acconiing 
to claim 1 characterized by being the device which inserts [ reflecting: minor / X~ray ] on 
the optical path of the X-ray which faces to said wafer from said projection image 
formation optical aystam. 

[Claim 3] Said X-ray reflecting mirror is an X-ray progection aligner acco^^ding to claim 2 
characterized by beuig a multilayers reflecting mirror. 

[Claim 4] Said aberration measurement device is an X-ray projection aH^er according 
to dahn 1 to 3 characterized by bsing^ axi X-my interferometer. 

[Claim 5] Said aberration measurement device is an X-ray projectioii aligner according 
to claim 1 to 3 cheracteiized by being the measuring instrument of an X-ray space 
image. 

[Claim 6j Said aberration amendiuieTit device ia an X-rsy projectioa aligner according to 
claim 1 to 5 characterized by having at least one or more devices in the optical-system 
adjustment device isx which the location and conSguratioit of sn optical element which 



■A .^feH^on imwe fc«natioa optical system aT« adjusted, tho mask 
constitute ^ pitoechoa ir^e ^ ^ ^^^^ tke wafer 

adj,«tn«-t device -^^i^t. '^f^^'^'^'J^l^^ 

tCl^ 73 The X.^y proiect^ou ^t^-p.«x modification 

establishing the controlling -^"^^-^ ^^^'^^ ^''T^^^^.^^.t d«vi«c int^ 

tixnc an.oux.t whieh exchanges said wafer « the ^ 
^ «cpoa»re of the following chip mov... or the tu,ie 
eqmpnie«t after expoabig one chip on said wafer. 



DETAn.,BP DESCRIPTION 



GDetailed Descriptioii of the InveutiQiil 
loooij 

(Izulii5try*]ik0 field of tbfl izivejxtioii] In case iavantion izE^rints ^n X-ray Optics 
S7stei5i on substrates, such as a wafer, through projection imagfe formation optical 
system with the used iTjirror projection method, it relates the circwt pattern on a photo 
mask (a mask or reticle) to a suitable X-ray projection aligixer* 
[000^ 

[Descxiptioii of the Prior Art] The aligner &r semi'coxuiuctor manufacture carries out 
the projection inqjJtint of the circuit paittem formed on the photo-nmsk (madlc 19 called 
hereafter) side as a body side on substrates, such as a wafer, through imag;^ formation 
equipment- The resist is applied on the substrate, by eicposing, a resist exposes and a 
resi&t pattern is obtained. 

f0003] The resolution w of an aligner is mainly decided by the exposure wavelength 
lambda and the numerical aperture NA of ima^e formation optical aystem, and is 
expressed with a degree <ype. 

w;* lambda/NA k: Tn order to raise a constants therefore resohxtione it is necessary to 
shorten wavelength or to enlarge niunetical aperture. Ciurent and the aligner used for 
manufacture of a semi-conductor are mainly the wavelength of 366nm. i line is used and 
it 13 numerical aperture 0-5 [ about 1* It is 0,5 by the case. The resolution of mum is 
acquired, 

[0004] Since an optical design top is dLGGlcuIt. in order for enlarging numerical aperture 
to raise resolution^ short wavelength^ization of exposure light is needed from now on. as 
an eaqpoBure light of short wavelength, an excimer laser mentions from i linje, for 
example - having^ the wavelength - KrP 24Sxmi and ArP 193nm it is , Therefore, 
KrF They are 0.25 micrometers aiul ArF then. 0.13-micrometer resolution is then 
acquired. 

[0005] And when an X-ray with still eborter wavelength is used as an gxposurs light, it 
is 0.1, for example at the wavelength of ISnm. The resolution below mum is acquired. 
The conjBguration (part) of the conventional aligner (an example) is uotionally shown in 
^TnW}J\F ff • An aligner is mainly constituted by the Hght source and an 
iUxmaination-li^ht study system (unHJlustrating). a mask 1 and the image formation 
optical system 2, and the wafer 3. 

[00061 The actual $xm or the extended pattern of a pattern which draws is formed in the 



« • ^^^^fjed bv two or iQor© lenses or 
^ 1. Tho i»«e «p««^ pl«™ e. a . on a 

-a, »d c^. '-^-^^^ J^. ^,«» optica 

„t abwratioa must J.o b- ^TT.. . . it U . InoKterto 

p^,» tb. optical of-"'"™'^ ^ „nfip,™tio. p.«Wo» » 

to aet to N. > ««.fi8»»t»» «°»"» 1™ ' -.H-r&co. is «8t to 30 Ijy M» 'l"" 
r„ ^1., « th, o< "'"^ "^^^ *.ut 5 ^(0*. 

tt^ i. i . «»<^i Tf°^,Urj«.d W b, out i. c»W 

^-thu., Ji».m».«»£*'- ^•^"'"t^i. ^ b«»o-. 

^ r«oi«d o^ « ^ .«,„bly ll**- P-i" 
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opWoteW"'""''*™**- ,.._,i,.,hvwhiiitholo»iP«t»t>='Ooatiol 
b010]Tb.n,o^.y««»i'P-"»'-'"^^^" b..dtoo«o.t,U.h 
^„^do.t^hig3.p~iiion, .bio to rf.l.to 

tIJr».oU.«».3so*»i.= a^ation..>»o«io,«da„o«. 



looiil 



DProblemCs) to be Solved by the Invaationl However, if waveleagthi of exposure ligkt is 
dJiortexied m order to improve the resolution of an aligner, aceordiAg to it, the allowed 
vatoe of aberration will also become smalL IF exp<>9ure light la nuade into an X-ray, iov 
example^ waveleni^b is aet to I3nm, the allowed value of aberration will serve as about 
1 nmrms. This value is **** 26nmmi5 of the abexration in i line. It compares and is very 
emalL Tlierdfore» what has a atUl higher confLewation precision is required of an optical 
element. 

[0012] As for all optical system, in the case of an X-ray alignftr, it i& deisirabfo that it is a 
refleeting mitzor. Since the value of tbo one half in refiraction is required for the 
configuration error of a reflector^ if the number of reflectors is set to a required 
configuration error will bacDmc l/(2Nl/2) of aberration. For example, if the number of 
reflectors is set to 4, the conjBLguration errors in the wavelength of I3nm are 
0,23iimrmd(es). It becomes. Thusi a value with an X'ray projection aJigner very email ae 
aberrafiou of ioia^e formation optical system is required, tKersfore the precision below 
mn is required also for the configuration precision 6f an optical elemenS- Even if such 
ima^ formatioji optical system is producible, it hsts the trouble that it ia dif&cult to hold 
the precision alao during actuation (operation) of equipment. 

[00 13] That is, although aberration changes with the various causes which include heat 
deformation of an optical element during^ actuation of an aligner; the change has the 
trouble that it cannot stop only by temperature control like the former. Ae mentioned 
above, in an X'ray projection olignex^ thsre was a troubla tlmt it was difficult to control 
change of the aberration under equipment actuation, and the resolution of an X-ray 
alignax fiall durins equipment actuation owing to thia. 

[0014] This invention is made in view of this trouble, and aims .at ogling the X-ray 
projection aligner which can prevent the fall of the resolution under actuation, and 
ofEarin^ the X-^ay projection aligner which can prevent the fall of the resolution under 
actuation without reducing ^ throughput pre&rably. 
[0015] 

[Means for Solving the Problem] therefore, thia invention - the ijxst " - the 
illumination-light study system which irradiates at least the X ray generated from X 
line aourcse Emd this X line source on a masic ~" And it sets to the X*ray projection aligner 
equipped with the projection image fi^rmation optiiial system which carries out 
projection image fortnation of the pattern formed on this mask in response to the X-ray 
from this mask on a wafer. The opti<^-path modiflcatLon device in which the optical 
path of the X'ray which &cea to asid wa&r is changed if needed from said projection 
image formation optical system, The X-'ray projection aligner (claim 1) characterized by 



this optacal-pat** modjficatjott d^^, »n 

«n.„d« this aberration- iB om>v^ ^ ..^^ ^^.^^ aiigx^er 

100161 Mo«o.«, iiia ^va^iaou P-^^^^^ opti«d-path modification device 

(claim 2) accordmg to claim 1 ^'^'^'^j^^'^.l^^^a.ii^^^^ 
^eiBgad^wbid.in«ertslrefledan^n.r«.r/X ^^^^ ^^^^^ 

Moreover, tlu« invention prov^« th. 1^ ^^.^^ , ^^^er« 

xeflecaag mirror." ^^^^ ^ X-my projection aHgner 

toOlTl Moreover, t^^ ^^^^"^ l^^'^'^Z^^^^ 

(cl^^ ae«.rdingto Cla^ ' M loC^^-ticn provide. tl.e fifll. -itH "the 

^.r^ pxojactior. alignar Warn B) acc^^ ^^^^ ,p^e 

aberration «ea5«x«»-nt devxcc ^--S ^ ^ ^-ray projection aligner 

Moreover, tbia -^^'^'^^^^^T'"'; ^, ^^id aberration a«.end^e.t d.^c« 

.) .ecordi.^ to -^^^^Xl'^'^ device i^wbiCtKe 

having at least one or mo« de«ce m *^ ^^^^.^ute said projection ^age 

l.o..iion ^d c^naguraii- of an ^^^3^ent device i- -bic^ the 

jor^ation optical ^stam are f ^^'Jf j:Lli..t^e.t dev^ ^ 
««figurat«,n of said maBk ia ad,«et«d. ^d the 

,,,^ti^«f aaid wafer is adju^od^ ^^^th with -the X-xay projection eli^cr 
[00181 Moreover, this inv«nWptOV>d-sti»e^ ^^^^^^^^ 

.) according to ciain. Ito ^^^^^^ a. aberration 

^ed.aBie« whicK operatee "^^^^^l device in the tinxe a^o^t wb^cK 

^«.«uren«nt device. a»d an ahe^atxon ^-^^ ^ ^ ^ «,o^e of the 

-^Z:^ ttw^:::^ ...ta.. e^uip^e. a.er e^oein. 
fcUowing chip movftB, ax ^u.^ 



one chip on said wafer." 

lOOlBl . ^ showing the cooiagui^.tion (par^ of 

tp^o.] . th. drawing i. .^oted and ^ 

the ehgner (an e««ap]e) concenung tm ^ ^ ^^j^. The 

invention is ^cpbuned. this ^^^.^^i^id, the Signer of 

1 generates from X line aon«e and thxs X hue so 



x-ray 9a from tha stage H of a zaaak 1, and a mask 1 According to the optical-patli 
modification defvice 4 and the optical*pach modification device 4 ^McH tha optical path, 
of X-ray 9b wMch &ceti to the wafer S on a ataga 12 is changed if naedad, £:om th^ 
prpjection image ferxnatiozi optical syeitem 2 which carries out projection image 
formation of the pattern which won popularity and was &rmed on the mask 1 on a 
wafer 3, the atsigo 12 of a wafeif 8, and the projection ima^e ^irmation. optical ostein 2 It 
has the aberration measurainent device 5 wliich measxixes the aberration (namely, 
aberration of the projection image formation optical system 2) of X-ray 9c in response to 
X-ray 9c hy which the optical path was changed, and the aberration amendment devices 
6, 7, and 8 which amend this aberration. 

[0020] Tha optical-path modification device 4 introd'aces into the aberration 
measurement device 5 XTay 9c which has been arranged between the projection image 
formation optical system 2 and a wafer 3, changed the optical path of X-ray 9b which 
&ces to a wafer 2 from the projection image formation optical system 2 i£ xiaedsd, and 
changed the optical patb. As shown in drawing 4 , the optical-path modification device 4 
ia a device which slides the X-ray reflecting mirror IS, and is a device which inserts 
[ reflecting miizor / 13 / X-ray 1 on the optical path of X-ray 9b which &cbs to a wafer 3 
fifom the projection imag^ fbrmatiDn c^tical syetem 2. (claim 2). 

[00211 Ueually, a reflecting mirror 13 is put on «ie location shiftod ftom the optical path 
of X-ray 9b ( drawinff 4 (b)). And S^Tay ^ which inserted the reflecting mirror 13 In the 
optical path of X ray 9b. was made to reflect X-ray 9b, changed the optical paiii, and 
changed the optical path is introduced into the aberration meastLremsnt device 5 to 
measure aberration ( dcawi^^g 4 (a)). Ae a reflecting: mirror IS, a mnitilayerB X-ray 
reflecting mirror with a hi$h X-ray reflection &ctor ia desirable (claim. 3). 
L0022] An X-ray interferometer or an X-ray ^ace imagre measuring instrument ia high 
as an aberration measurement device 6, in order to measure the aberration of the 
exposure li^ht itiself, for example^ desirable (daima 4 and 5). An X-ray interferometer 
can know a-berraiion by measuring the wave-firont configuration of an X-ray An X-ray 
apace image measuring instrum.ant can know aberration by carrying out ima^e 
formation of the X-ra^ image of a mask pafctem on a detector, meaatxring the intensity 
distribution, and comparing inteneity dietribution with calculated value. 
[0023] Aberration will be amended if it becomes clear using this optical-path 
modification device 4 and the aberration measurement device 5 that aberration is larger 
thaic^ desired value. Since it ia generated by the fbrmation of a £brm status change and 
location change of an optical element which anainJy constitute the projection image 
formation optical system 2, in order to amend aberration, as for aberration, it is 



deairable to retirm a configuration and a lo(!ation. Then, what necessary is just to 
QstSLbhsh the optical-^staia adjustment device ^ in which the location, and 
cortfigugation of an optical elemexxt which constitute the projection imaefe formation 
optical system. 2 are adjusted aa an. afaaExa.tion amsndmasLt device^ in order to amend 
aherration (cdaixu 6). 

[0024] The optical-eyatem adjustment device 6 can change a^ location and a 
eonfigiiration hy arranging the actaators 15^ such as a piezo-electric element, arouzid an 
Optical element (£br example, refiectingf mirror 14^, and applying deeirad etrees to an 
optical element usine an actuator 15, as shown in drawing ^ „ By the approach of 
changing the configuration and location of an optical element tising the optical-system 
adjustment davice 6 in thia way, although amendment of abarration is possihle, it is not 
restricted to this approach. 

[0026] For example, when distortion arises in an image according to aberration^ the 
configuration of a mask 1 and/or a wafer 3 may be made to deform so that the distortion 
may be amended. Mokreoirer, also when the image stizface ia distorted in the direction of 
an optical exis like a curvature of fields anDisndii^ id possible by incurrating a maak 1 
and/or a wafer 3. In such a case, what ia necassaxy ia just to astablieh the mask 
adjustment davica 7 in which the conf^uration of a mask 1 is adjusted, and/or the wafer 
adjustment device 8 in which the configuration of a wafer 3 is adjusted, as an aberration 
amendment device (claim 6)« What ia necessary ia to arrange an actuator around a mask 
1 and/or a wafer 3^ to apply stress to a maak 1 and/or a wafer 3, and just to make it 
de-fbrm into them also in this adjustment device. 

[0026] Although three aberration amendment devices (the optical-system adjustment 
device 6. the mask adjustment device 7, wafer adjustment device 8) have been arranged, 
three aberration amendment devices are not necessarily requir^sd of the equipment of 
drawing 1 . For example, only by amendment by the optical-system adjustment device 6, 
if amendment of aberration is possiblep it is not necessary to establiah other ab^^nration 
amendment devices 7 and 8. Namely, what is necessary is just to establiah an 
aberration amendment davioa if needed (daim 6). 

[0027] As stated above, according to the X-ray eJigner of ibis invention, it is possible to 
ineaBura the a-berration of the projectioii imago formation optical system 2. and to 
amend this aberration further. About the optical-path modification device 4. it is the 
device which sUdes the X-ray reflecting mirror 13 as th^. example, and the device which 
iaserts [ reflecting mirror / 13 / X-ray ] on the optical path of X-ray 9 wbich faces to a 
wafer 3 £rom the projection image formation optical system 2 was shown. In this case, 
since ineidenca of the X-ray 9b is not carried out on a wafer 3 while inserting the X-ray 



reflecting mirror 13 on the optical path erf X-ray 9b, exposure is impossible. 
[00281 On the other hand, as for aberration xtteasutementp it is desirable to carry out 
without reducing the tfaxoughput of an ahgner, TheKfore, as for aberration 
measurement, it is desirable to carry out, wHen not exposing. When not axpoeingr, after 
exposing a certain chip, there axe t ****** ] tane omotint Chencefcrth step time) which a 
stage until it starta exposure of the followlnff chip moves, and time amount which 
exchanges a wafer S. 

[0029] 'With the conventional aHgner, in such time amount, the light souxce was stopped 
or G3cpoeur^ light wee covered by the shutter. That i&, like this invention, since it does 
not expos© in such time amoutit, even if it ingertd the optical-path modification device of 
X-ray reflecting mirror 13 giradc ba2twccn the image formation optical system 2 and a 
wafer 3, it is aatisfi^ctory in order I thersforc, ] not to reduce a throughput " the 
migration within a time of a stag© - or it ie desirable to meaaure aberrafciois within 
wafer sivap tima. 

[0030] Whether it meaeurea in atep time or it measures within wafer swap time should 
just determine with extent of fluctuation of aberration, for example, what is nec^sary ie 
not to tneaautc by the step within a time and juat to mea/»urs within wafer swap time, if 
aberration is not changed so that ame^sdment ie raquirad while exposing one water 
[0031] Generally, since the wafer swap time longer and the direction of the 
measurvtnent within waffer swap time can lengthen the measuring tLmc, or the rapidity 
like *^ ia not required of a measurem^eut device, it i$ more more desirable than step time 
at the point that it can apply fisr a long time and can measure with high precision. 
Furthermore, aince aberration fluctuation ia amaH for example, the effecrt which comes 
Qut of enough and which the measuring time doas at a throughput in a certain case iff 
very small if it will moasutts once on the Igt, you may meaaura to maintenance time 
amount etc. 

[0032] Thnt ia^ alter axpoaing one chip on a wafer in this invention, it is desirable to 
eatablifih the controlling mechaniam which operates aaid optical'path modification 
device, an aberration measurement device, and an aharration amendment device in the 
tim^e amoimt which exchanges said wafer, or the time amount which maintains 
equipment in the time amount which a atage until it staxta exposure of the followtag 
chip moves (claim 7). Hereafter, although an example erpl^s this invention to a detail 
further, this invention ie J^pited to these examples. 
[0033] 
[Example] 

<First examples drawing I ia the block diagram showing the configuration (part) of the 



X^tay prDjoctaon aligAdr of this exfl-mple. The illttmiTirttLoii-light study systeui whicli 
iiradiates the X-ray which the aligner djCAWiog 1 generate© from X line souirce and 
this X line source on a masX 1 (im-iUuafaratmg), X^ray 9a &om the stage 11 o£ a maak 1, 
and a mask 1 According to the optical-path modification device 4 and the) optical-path 
modification device 4 which ths optical path of XTay 9h which faoss to the wafer 3 on a 
sta^e 12 id changed if needed, fifom the projection image fbrmatiQn optical system 2 
which caxiies out pi^ection image formation of the pattern which won popularity and 
was fbrmad on the mask 1 on a wafer 9, tho dtago 12 of a wafer 3, and the projection 
image formation optical t^stsm 2 It has the aberration mGasurcment device 5 which 
measurea the aberraidnn (namely, aberration of the projection imag^ formation optical 
system 2) of X-ray 9c in response to X-ray 9c by which the optical path was changed, and 
the aberration amendment devicea 6, 7, and 8 which amend this aberration- 
[0034] The ali^zLer of this e^iiample irradiates an X-ray by the iUumination-Kght study 
system at a mask 1, nsine an X-ray laser as the light aource. Setting e^cposure 
wavelength at this time to 13nm^ the mask 1 nsod the thin? of a reflective mold. X-ray 
9a reflected with the maak 1 reaches on a wafer 3 throu^ tho image formation optical 
system 2, and ths contraction imprint of the majsk pattern is carried out on a wafer 3. 
For th.e Image formation optical system 2, it consists of reflecting mirrors of fottr sheets, 
the temperature regulatory mechanism is prepared in each reflecting mirror, and the 
temperature change of a reflecting micrar is 0.1 also by the time of exposure. It ia 
maintained at below, furthermore, an ali^er - condtant temperature - it places ittto a 
chamber " having change of ambient temperattans - 0-1 **C It iei stopped below. 
[0035] The optical-path modification device 4 is established between the image 
formation optical system 2 and a wafer it ie controUad and reflected X-ray 9c is 
introduced into the aberration measurement device 5 so that the multilayers vajQecting 
mirror 13 may be inserted by the controlling mechanism (un-iUu&tratmg) on the optical 
path of X'xay 9b between exposure of a chip and a chip. The aberration measurement 
device 5 consists o£X-ny interfftrometeifs, and can measure the aberration of the image 
fennation optical system 2. Since aberration ohangee during^ ai::tuation of an aligner, 
when measured value exceeds 0.9nmrm^(Qs), aberration is amended usin^ a controlling^ 
mechanism (un-iHuatrafcing) by controlling tbe optical- system adjustment device 6 
which is an aberration amendment device, the mask a4justment device 7, end the wafer 
adjustment device 8, 

(0086] When it eicpo&ets iimng the aligner of this example, it is the T"^'^™"Tn eizc 0.1. 
The resist pattern of mum could be pxoduced and it turned out fhrther also in long 
duratioii operation of 24 hours or more that degradation is not accepted at the 



cro0S-66ciidxL configuration, of a resist pai±eim. Oxn. the other hojid, in axpasare by the 
conventional aligner which, has not established the optical-path modification device, the 
aberration measurement device, and the aberration amendment device, after exposure 
initiation, the cEOBB-section, configruration af a xeBiat pattern deteriorates gradually, and 
it is 0. 1 further. The pattezu of mum size is no longer &rmed. 

<SecDnd example> drawing 2 is tlie block diagEam showing the configuration of the 
X-ray projection aligner of this example, 

[0037] The ittumination-'li^ht stady syiatem which irradiates the X-ray which the aligner 
of drawinfr 2 generateid firom X hne source and this X line source on a mask 1 
(un illuatrating). X-ray 0a ficom fcbe stage H of a nxask 1, and a mask 1 According to the 
optical-path modification device 4 and the optical-path modijacation device 4 which the 
optical path of X-ray 9b which faces tn the wafer 8 on a 6tage 12 is changed if needed, 
from, the projection insage fbEmatinn optical system 2 which caxriae out projection image 
fli^rmation of the pattern whicH won populazity and was ibrmed on the mask 1 on a 
wafer 3, the stag^ 12 of a wafer 3, and the prpjection image fermation optical sydtem 2 It 
has the aberration meagurement de^ce -5 which measures the aberration (namely, 
aberration of the projection image formation optical system 2) of X-ray Sc in response to 
X-ray 9c by which the optical path wa* changed, and the abertatioii amendment deviced 
6 and 7 which amend thia aberration. 

[0038] The aliffner of this example irradiates an X-ray by the illumination-Ught acudy 
^stem at a mask 1, uaing an X-ray laser aa the light source- Setting exposure 
wavelength a.t this tune to 13nm, the mask 1 used the thing of a roflcctivo mold. X'ray 
3a reflected with the mask I reaches on a- wafer 3 through th^ image formation optical 
sysrtsm 2, and the contraction imprint of the maak patTtem is carried out on a weufeT S. 
For the image formation optical system 2, it consists of reflecting mirrors of four sheets, 
the temperature regulatory mechaniam is prepared in each refLeclang mirror^ apd the 
temperature change of a reflectuig mirror id O.OS-degreeC also by the timie of exposure. 
It is maintahxed at below. JEuxtihermore, an aligner " constant temperature ~ it places 
iato a chamber - having - change of ambient temperature - 0.1 It is stopped below. 
[00391 The optical-path modification device 4 is established between the image 
fcrmation optiaal system 2 and a wafer 3, it ia controlled and Faflacted X-ray 9c is 
introduced into the abez3::utiDn meaBurement device 5 eo that the multilayera reflecting 
mirror 13 may be inserted by the controlling mechanism (un-illustrating) on the optical 
path of X-ray 9b betweesl wafer exchange. The aberration measurement device 5 
consists of X-ray space ixnago measuring instruments, and can measure the aberration 
of the image fermation optical system 2. Since aben^ation changes during actuation of 



an aJigner. wh&n meaauied vcdxie exceeds 0,9timniis(cs), aberration is amended using a 
controlliixe mechanism hy controlling Hie opiacal-system adjustment device 6 and the 
mask aajusfcment device 7 which are an aberration amendment device. 
[0040j When it expoHBa uaing the aligner of this example, it id the minimum size 0.1- 
The resist pattern of muni could be produced and it turned out further also in long 
duration operation of 24 hoiua o* more that degradation is not accepted at the 
croas-section confisuratiDn of a roaiet pattern. On the other hand, in osposure by the 
conventional aligner wbich has not established the optical-path translator, the 
aberration moasurenient device, and the aberration amendment device, after exposure, 
initiation, the croes-scction configuration of a resist patterh deteriorates gradually, and 
it ia 0.1 forthan The pattBrn of mxun aize ia no longsr formed. 

<rhird example> drn^nn 5 ia the block diagram showing the con&guj?ation of the X-ray 
projection aHgnar of thia azample. 

f004l] The illumination-light study ayaCam which irradiates the X-ray which the aligner 
of drawiTH? a sencratoa ftora X lino source and this X Ime source on a mnak 1 
(un-flluatrating). X-ray 9a ftom the atage 11 of a mask 1, aiidi a mask 1 Accosding to the 
optical^path modification device 4 atid the optical-path inodificatioTi a^^co 4 which the 
optical path of X-ray 9h which faces to the wafer S on a stage is chan^od if needed, 
from the projection image formation optical system 2 which carries oT;it projection image 
formation of the pattern which won pcpulaxity and was formed on the mask 1 on a 
wafer 3, the stage 12 of a wafer 3, and the projection image formation optical system 2 It 
hae the abezxation meaeurement device & which meaawes the aberration (namely, 
aberration of the projection ima^e formation optical system 2) of X-ray 9c m response to 
X-ray 9c by which the optical path was changed, eind the aberration amendment devise 
6 which amends this aberration- 

f0042l The aligner of this example ixradiatee an X xay by the illumination-light study 
system at a maefe 1, using an X-ray laser as the Uffht source. Setting exposure 
wavelength at this time to iSnm, the mask 1 used the thing: of a reflective mold. X-ray 9 
reflected with the mask 1 reaches on a wafer 3 through the image formation optical 
system 2, and the contraction imprint of the mask pattern is carried out on a wafer 3. 
For the image formation optical system 2. st consiste of reflecting mirrore of four sheets, 
the temperature regulatory mechanism is prepared in each reflecting mirror, and the 
temperature chang;0 of a roflectinff mirror is 0,05-degreeC also by tbc time of exposure. 
It is maintained at below, furthermore, an ali^er constant tsmperatcxe - it places 
into a chamber having - dban^e of ambient temperature ' 0.1 **0 It ia stopped below. 
10043] The optical^ath modification device 4 is ©stabliahed between the image 



formation optical system 2 ajid a wafer 3, it ia confcroUod and reflected X-ray 9c is 
introduced into the abeiration meaaurexnent device 5 so tluat th& multilayers reflecttag 
mirror 13 may be inserted by the controlling mechanic (un-illustrating) on the optical 
path of X-ray 9b at the time of the mamtenanc© of equq>ment. The aberration 
measurexoent device fi conanata of X-ray space image meaauringr inetruments, and can 
ueasore the aberwation of the image fimnatioa optical astern 2. Since aberration 
ehangeft during actuation of an aligner, when meas\ired value exceeds 0.9ninrnis(ee). 
aberration is amended uain^f a controlling mechanism by eontroHing the optical-eystem 
adjustment device 6 which is an aberriCtion amendment devic^- 

[0044] Whan it expoMS using the ahgnar of thia e^cample, it is the rainimum size 0.1. 
The resiet pattern of mnm conld be produced and it turned out further also in lon^ 
duration operation of 24 hours or more that degrada.tion is not accepted at the 
croBB-eection configuration of a resist pattern. On the other hand» in exposure by the 
conventional aligner which has not eeitablished the optical-path tranalntor, the 
aberration mGasurament device, and the aberration amajadment device, after expoeure 
initiation, the cross- section configumtion of a resist pattern deteriorates ^aduaUy, and 
it ie 0,1 farther. The pattern of mum size is no longer fomied- 
[0045] 

DSfTect of the Invention] As mentioned above, according to this invention (the Ist - the 
7th invention), the fall of the resolution under equipment actuation can be prevented. 
Moreovej; according to 7 invention, the CaU of the resolution under equipment 
actuation can be prevented -w^ithoufe reducing a throughput. That is, the aiigner of thie 
invention can measure the aberration of aw X-ray, and can amend aberration based on 
the measurement result further (** to which the throughput i» not especially reduced 
with the equipment of the 7th invention}. 

fo046] Therefore, during prolonged actuation, ismce the aligner of this invention can 
maintain high resolving power, it can Continue producing a detailed resist pattern. 
Moreover, since meaaurament of abemition measures the eiEposxtre Kght itself, its 
accuracy of measurement is high. With the equipment of **** 7 invention, since it 
caxriea out when not ejcposing [ time amount / the time amount to which a stage movee 
between the chips by measurement of aberration, the time amount which exchanges 
wafers, / maintonancQ ], a throughput can maintain a high throughput aa well as the 
conventional alignec Therefore, the pattern of a mask can be felthflilly imprinted on a 
substrate by the high throughpnt. 



DESCEIPTION OF DRAWINGS 



[Brief Description of the Drawing] 

[Drawing l3 It is the block diagram showing the cortfientation (part) of and th© X-ray 
projection aligner of an example 1. 

rPrawing 2l It is the Wock diagram showing the isonfigurfrtson (pert) of** and the X-ray 
projection aligner of an example 2, 

iPrawing 3] It is ths block diagram showing the configuration ^arfc) of ** and the X-ray 
projection aligner of an example 8. 

fDrawingr 4l It is the explanatory view of the optical-path modification device (an 
example) of the X-ray pro^fcction aligner conoeming; ** and this invention of operation, 
fpy ^yf p p* f^] It IB the block diagram of the optical"system adjustment device (an 
example) as an aberration amendment device of the X ray projection aligner concarnini^ 
** and thie invention- 

rDr3\<Hng Gl It is the block diagram showing the configuration (part) o£ and the 
conventional X-ray projection aligner. 
DDeacription of Notationa in the Main Part] 

I . .. Mask 

2 ... Projection image formation optical system 

3 Wafer 

4 ... Optical-path modifijcation device 

5 ... Aberration measuramaut davica 

G Optica) ^sy^stoxn adjustment device (an example of an aberration amendment device) 

7 ... Mask adjustment device (an example of an aberration amendment device) 

8 Wafer adjustment dovice (an example of an aberration amendment device) 

9s. X-ray which tenda toward the projection image fermation optical system 2 &om a 
mask 1 

9b X-my which faces to a wafer 3 from the profjection image formntion opcical syatam 2 
9e X-ray with which the optical path was changed 
10 — Wiring 

II . .. Stage of a maek 1 

12 ... Stage of a wafer 8 

13 ... Multilayers reflectiag mirror 



14 ... RefLectang mirzor 

15 Actaator 

16 ... Beflectiog mirror etectttjd© holder 
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